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Our thanks are due to Col. Bruce Palmer, commanding officer of the camp near Kunsan; to Capt. Gaylord W. Boom, M.C., the acting regimental surgeon; and to Major Harold V. Ellingson, M.C., U.S.A., for their help in investigating the eases of encephalitis in Korea. type B form of encephalitis also occurs in that country. However, we have found no record of an epidemic or of any work in which the virus of Japanese B encephalitis (discovered in 1934) had been established as the etiological agent of encephalitis in Korea. Furthermore, although the Japanese investigators (2) have tested "normal" human sera from Java, the Philippines, IndoChina, Middle China and Manchuria for neutralizing antibodies against the virus of Japanese B encephalitis in an attempt to determine the geographic distribution of inapparent infection with this virus, we have found no record of similar tests on sera from Korea. Accordingly, the American forces occupying Korea were not inoculated with Japanese B encephalitis vaccine during the early summer of 1946 as were those in Japan and Okinawa.
Clinical manifestations of encephalitis in American soldiers in 1946
Four severe cases of encephalitis appeared among American soldiers in Korea during the last week of August. Three of these occurred in an isolated unit of approximately 1,500 men who were stationed in a camp on the coast of the Yellow Sea, 8 miles southwest of the city of Kunsan (Gunzan), and one in an American installation near the city of Inch 'on, 100 miles north of Kunsan. One of the first group of 3 died. The clinical histories of the 4 patients cent lymphocytes), Pandy's reaction, one plus, and no bacteria seen on smear. White blood cells: 14,050 .with 77 per cent neutrophiles. Paralysis of bladder: 950 ml of urine obtained by catheterization. 1,000 ml of 5 per cent glucose in water and 1,000 nil of physiologic salt solution with 5 grams of sodium sulfadiazine administered.
9:00 P.M.: Condition unchanged; 750 ml of urine obtained by eatheterization. Rectal temperature throughout day ranged from 102.4 to 104.4 F, pulse 64 to 88, respirations 20 to 24; 1,000 ml of physiologic salt solution with 5 grams sodium sulfadiazine given.
August 26th, 8:30 A.M.: Comatose, responds less readily to painful stimuli. Temperature 103 to 104 F, pulse 72 to 88, respirations 20 to 24. Babinski sign positive bilaterally but knee and ankle jerks absent; Hoffman sign negative; triceps reflexes active and equal; abdominal and eremasterie reflexes absent; no clonus; some bilateral spasticity of the extremities noted. Paralysis of bladder continues with 800 ml of urine (negative on examination) removed by catheter.
10:00 A. September 5th: Temperature 100.8 to 102 F, comatose, left arm somewhat spastic now and right arm flaccid, does not speak or respond to commands.
September 6th: Temperature 102 F, still comatose.
September 7th: Temperature 98.2 to 100 F, began to speak but has difficulty in articulation, exhibits amnesic aphasia. At 8:45 P.M., he had a typical grand mal seizure with cry, generalized motor activity, incontinence of urine and biting of the tongue.
September 8th: Afebrile, talks more coherently, still incontinent of urine, has complete amnesia for period of his illness.
September 9th: Speech clearer, recognizes common objects but still unable to name some of them; no nuchal rigidity or weakness of right hand. Cerebrospinal fluid: 19 cells (18 lymphocytes, 1 polymorphonuclear) ; protein 22 milligrams per cent, sugar 71 milligrams per cent.
September 10th: No longer incontinent of urine, can add simple figures and can give his army serial number correctly for first time. Slight tremor of hands and tongue.
September 17th: During past week has gradually gotten out of bed, shaved himself, read magazines and now is up and about, although increased activity at first precipitated nausea and vomiting.
September 19th: Cerebrospinal fluid: 2 cells, protein 22 milligrams per cent, sugar 70 milligrams per cent.
September 29th: Except for occasional frontal headache of mild degree, there have been no complaints and physical and neurological examinations are entirely negative.
Laboratory investigations on fatal case
Recovery and identification of the virus. Several pieces of cerebral and cerebellar cortex, one piece each of the medulla and spinal cord were put into a screw-cap, glass vial; no glycerine or other fluid was added. This vial was tied in a condom and rubber glove, to keep out the water, and submerged in a water-ice mixture. The specimens obtained in Korea on the morning of August 27th reached our laboratory in Tokyo on the afternoon of August 28th in a well-iced container. Small fragments of each piece of nervous tissue, weighing approximately 6 grams, were immediately ground with sterile sand and 20 ml of physiologic salt solution. The suspension was centrifuged for 5 minutes to sediment the large particles, and the supernatant liquid was injected intracerebrally (0.02 ml) and intraabdominally (0.2 ml) into 2 litters of baby mice. These mice were born in our laboratory under mosquito-proof conditions from mothers which were raised "under mosquito-proof conditions at the 19th General Medical Laboratory in the Philippines and sent to us by air through the courtesy of Col. Dwight M.
Kuhns, M.C. One litter of 4 mice was 8 days old and the other litter of 5 mice was 10 days old. The results of this inoculation and of subsequent passage are shown in table 1. On September 2nd, 5 days after inoculation, 5 of the 9 baby mice exhibited signs of involvement of the nervous system and were sacrificed.
Smears of the brains showed no bacteria; two of the brains were used for passage and a neutralization test, and from the remaining 3 brains an antigen was prepared for complement fixation.
In order to permit the performance of a complement-fixation test on the same day, the antigen was prepared quickly in the following manner. The 3 brains were ground in 12 ml of physiologic salt solution containing 2 per cent of heated guinea pig serum, centrifuged at top speed in a Clay-Adams table-top centrifuge for 15 minutes, and the supernatant liquid was then centrifuged at 15,000 r.p.m. for 1 hour in the small angle-head attachment of the International centrifuge. The clear supernatant liquid was used immediately in a complement-fixation test with known Japanese B, St. Louis, and Western equine encephalitis immune sera and proved to be a satisfactory antigen. 10 The test was carried out according to the procedure, originally described by Casio We are indebted to Dr. Betty Lee Hampil of Sharp and Dohme, Inc., for providing us with lyophilized samples of these known complement-fixing, immune mouse and guinea-pig sera. als and Palacios (3), incubating the serum-virus and complement-antigen titration mixtures in an electric refrigerator for 16 hours prior to the addition of the sensitized cells. The results, shown in table 2, indicate that the unknown Korea virus fixed complement in the presence of the Japanese B immune serum almost as well as the known Japa- t Numerator = number of mice succumbed; denominator = number of mice inoculated.
nese B antigen, but failed to fix complement with the St. Louis and Western equine sera; the specificity and potency of the latter sera are evident from the reactions obtained in the same test with their homologous antigens. It was thus possible to establish the identity of the Korea virus within 24 hours of its recovery from the mice. Unfortunately, we did not think of using the human brain tissue itself as an antigen. While it is not known whether or not enough antigen is present in the human brain for a positive complement-fixation test with a potent serum, it would be worth carrying out such tests in the future because, if positive, it would provide the most rapid method for identifying the causative virus from a fatal case in an epidemic.
The results of the neutralization test (table 3) with a known rabbit immune Japanese B encephalitis serum confirmed those obtained in the complementfixation test.
Serological tests on serum of fatal case obtained on day of death. Only one specimen of serum was available from the patient (case 1) who died, and that was taken 5 days after the appearance of the first systemic symptom (headache) and 12 hours before death. The complement-fixation tests (beginning with a dilution of 1 in 2) with this serum were negative, but the neutralization tests (table 4) yielded unexpectedly high values. In a simultaneous intracerebral and intraperitoneal test carried out against the Nakayama strain of Japanese B encephalitis virus, this serum yielded an intracerebral neutralization index of 1,000 and an intraperitoneal index of at least 10 million. Since this is the highest titer of antibody found thus far during the acute stage of this disease, and since it occurred in a fatal case, the intracerebral test was repeated, using the strain of virus which was recovered from this patient's brain, and an intracerebral neutralization index of 32,000 was obtained. The early appearance in patients with Japanese B encephalitis of low, but distinctly positive, intracerebral neutralization indexes which could be equivalent to very high intraperitoneal neutralization indexes, was reported in a previous communication (4) . In the two fatal cases previously investigated (4) in the same manner, there was evidence of only very small amounts of antibody; thus, in one case the serum, obtained 5 days after onset (1 day before death), had no demonstrable antibodies by the intracerebral test (neutralization index of 1) and provided irregular protection in the intraperitoneal test, while in the other case, the serum, obtained 7 days after onset (2 days before death), yielded an intracerebral neutralization index of 32 and an intraperitoneal index of 10,000. Certain conclusions seem warranted from the demonstration in the present fatal ease of the simultaneous presence of large amounts of neutralizing antibody in the blood and easily recoverable virus from the brain, and these are: (a) the early development of large amounts of neutralizing antibody does not prevent a fatal outcome, and (b) the failure to recover virus from the brain of certain fatal cases of Japanese B encephalitis is not due to the early development of neutralizing antibodies in the blood.
Microscopic pathology in human central nervous system. In this particular case the virus was recovered and identified before the sections of the human tissues were available for study. Nevertheless, it is necessary to record that the microscopic examination of the sections revealed extensive pathologic changes in the brain of this patient of the type previously described for Japanese B encephalitis. With the exception of an occasional cuffed vessel in the white matter, the lesions were practically limited to the gray matter and consisted of extensive neuronal necrosis and neuronophagia. The localization of the lesions throughout the cerebral cortex and in the Purkinje and molecular cell layers of the cerebellum, which serves to distinguish this type of virus encephalitis from poliomyelitis, was strikingly present in this case (see figures 1 and 2). There was no infiltrative, inflammatory reaction in the spinal cord although some of the anterior horn cells showed early degenerative changes.
Specific diagnosis of nonfatal cases by complement-fixation tests
In the face of an outbreak of encephalitis, when it is important to know as quickly as possible what the causative agent is, sera obtained even at short intervals from the first patients and tested for complement-fixing antibodies may yield the desired information. This is exemplified by the results of the first test (September 2nd, 1946) carried out on two specimens of serum obtained from the first patient 4 and 7 days after onset, respectively (table 5). The 4-day serum yielded a titer of 1 in 2 and the 7-day serum a titer of 1 in 8 specifically with the antigen of Japanese B encephalitis, both being negative with the antigens prepared from the viruses of St. Louis, "Western equine and Russian spring-summer (tick-borne) encephalitis. These antigens were prepared from infected mouse brains; 10 per cent suspensions in physiologic salt solution containing 2 per cent of heated guinea-pig serum were left in the refrigerator over-night, spun on the horizontal centrifuge at 2,000 r.p.m. for 30 minutes, and the supernatant liquids, without freezing and thawing, were then immediately centrifuged at 15,000 r.p.m. for 60 minutes on the anglehead attachment of the International centrifuge; solid CO, in a container around the angle-head served to cool the contents. The clear supernatant liquids, containing the antigens, were stored in an ordinary refrigerator. table 5 indicate that while an excess of complement (2.5 exact units) may lower the actual complement-fixing titers, it did not interfere in this ease with the demonstration of the development of an increase in titer which is necessary for diagnosis. The results of the test of September 12th, 1946, on the sera of patients 3 and 4 are difficult to explain and may have been due to an error. Although a freshly prepared antigen was used in the repeat test of September 20th, 1946, the clean-cut results can hardly be attributed to it, since the same old antigen gave good fixation with the sera of patient 2 in the same test of September 12th, 1946. From the result of the repeat test it was evident that both patients 3 and 4, whose sera taken 4 days after onset were negative, yielded specific titers of 1 in 16 with the Japanese B encephalitis antigen, 10 and 13 days after onset, respectively. These data, taken together with those previously reported from Okinawa (4), indicate that in most patients the complement-fixing antibody appears in high titer within 1 to 2 weeks and that a serum specimen taken during the first few days of illness is essential for the demonstration of a rising titer. The sera used in these tests were iced shortly after they were draAvn and delivered within a few days to our laboratory in Tokyo where they were stored in the frozen state in an insulated box containing' large amounts of solid CO.,. Storage of serum specimens in the frozen state is absolutely essential for this work, since storage in an ordinary refrigerator leads to the development of anticomplementary or nonspecific fixing-properties which ma}' or may not be overcome by heating the serum at 65 C; the lowering of the specific titer of a serum due to this extra heating may sometimes, although not always, be sufficient to render the diagnosis difficult or impossible.
Poliomyelitis among American soldiers during same period
Between July 2'2nd and August 23rd, three paralytic cases of poliomyelitis appeared in American soldiers in one installation near Seoul (Keijo). The clinical manifestations in these were distinctly paralytic and so characteristic of poliomyelitis that no other diagnosis was entertained at any time. The first patient with onset on July 22nd was transferred to Tokyo and complementfixation tests with the encephalitis antigens on serial specimens over a period of 6 weeks yielded negative results. The second patient, who developed flaccid paralysis of the right lower extremity and weakness of the left lower and right upper extremities during the first week of August, was evacuated to the United States before serological studies could be carried out. The third man became sick on August 23rd, with difficulty in swallowing and speech and died 48 hours later following a course typical of bulbar poliomyelitis. Mice inoculated with the nervous tissue from this patient remained well. On August 29th, a fourth soldier, stationed in Seoul, developed an illness, characterized by fever of 3-day duration, headache and nuchal rigidity from which he made a prompt and complete recovery ; his cerebrospinal fluid had 196 cells (predominantly lymphocytes), protein 60 milligrams per cent, and sugar 45 milligrams per cent. Since encephalitis had already been recognized by that time in the camp situated a little more than 100 miles southwest of Seoul, the clinical diagnosis of possible abortive encephalitis was entertained. Two serum specimens, taken 3 and 11 days after onset, yielded negative complement-fixation tests with the encephalitic antigens, and further specimens were not available because the soldier left Korea and could not be traced. Tests on similar cases during the encephalitis outbreak on Okinawa in 1945 (4) were also invariably negative for Japanese B virus, and we believe that poliomyelitis is also the more likely diagnosis in this fourth soldier.
Epidemiological aspects of the encephalitis cases
Features of the outbreak at the camp near Kunsan. The camp at which the first 3 cases of Japanese B encephalitis occurred among a total personnel of 1,500 American troops, was located in Southern Korea (latitude approximately FIGURE 3 . Aerial view of the camp near Kunsan in which 3 cases of encephalitis occurred among the 1,500 Americans. Xote the range of hills on the horizon east of the camp; these hills extend from the northern to the southern end of the peninsula. The area was photographed August 31st, 1946. 35' 70") about 0..5 mile from the coast of the Yellow Sea and 8 miles southwest of Kunsan (Gunzan). The camp area itself was flat, sandy and covered with short grass and weeds. It was flanked by rice paddies for a distance of about 2.5 miles from its eastern boundary beyond which was a range of wooded hills which extended from the northern to the southern end of the peninsula. Between these hills and the sea were several villages with a native population estimated at 3,000 to 4,000. The living-conditions in these villages were relatively primitive. (See figures 3 to 6 for photographs of the camp, terrain and native village.) Horses, cows, goats, pigs, dogs and chickens were present in the villages and in the vicinity of the camp area. This area, which is ordinarily quite isolated and inaccessible, was rendered even more so by the heavy rains and flood which occurred in June. The nearest town (Kunsan) 8 miles away was not visited by the troops since about the end of June because of the presence of cholera there. Most of July and the first 2 weeks of August were said to have been very hot and dry. Although the rice paddies within a radius of approximately 1 mile of the camp were dusted with DDT, there was abundant mosquito breeding beyond this zone and the men were greatly troubled by mosquitoes which frequently came in on the prevailing winds at night. Most of the American personnel lived in Quonset huts which had screened windows but not screened doors, and because of the heat, the doors were, as a rule, ajar. An outdoor theatre was used at night, and the service club was without screen doors and without screens for most of its windows, because not enough screening material was available. Insect repellants were not used until the cases of encephalitis appeared. On August 31st. when one of us (A. B. S.) visited the area, only small numbers of larvae could be found in the rice paddies and irrigation ditches, and these were identified as Culex tritaeniorhynchus and Anopheles hyrcanus sincnsis. Other mosquitoes reported in this area between September 6th and September 14th by Lt. E. I. Sillman, Sn.C, were Culex pipiens pallens, Culcx bitaeiiiorhynchus and Aedcn iogoi.
Although the nature of the illness did not become apparent in each case until several days after onset, the 3 men in this camp showed their first '"systemic" symptoms on August 21st, 25th and 27th, respectively. On August 28th, all American personnel in the camp were given the first dose (2 nil) of Japanese B encephalitis mouse-brain vaccine which was repeated 3 to 5 days later. Anti-mosquito measures, both personal and environmental, were intensified. Xo additional cases of frank encephalitis occurred and, according to Capt. Gaylord AY. Boom, M.C., tlie regimental medical officer, there were no illnesses which might have been abortive encephalitis. Whether or not any of the measures were responsible for checking the further appearance of encephalitis is problematical. An incidence of clinically apparent encephalitis of 1 in 500 may be regarded as high for this disease, and it is not improbable that that might have been the extent of the outbreak if no specific measures had been taken. It is noteworthy that 5 new cases of malaria (P. vivax) occurred in this camp between July 18th and August 25th (dates of onset were July 18th and 20th and August 11th, 22nd and 25th) among men who had never had malaria before and who had come to Korea directlv from the United States and that JAPANESE B ENCEPHALITIS IX KOKEA 37 two additional new cases of malaria had their onset on September 10th. The occurrence of malaria simultaneously with Japanese B encephalitis was also observed during the outbreak among American Troops on Okinawa in 1945
The isolated case, 100 miles from the first focus. The occurrence of a single case of Japanese B encephalitis among a considerable number of susceptible individuals (the approximate number of men in the installation near Inch'on, the chief American port of entry is not known to us but it was probably in the thousands rather than hundreds) poses rather interesting epidemiological questions. The course and nature of this patient.'s illness and the development of specific complement-fixing antibodies for the Japanese B virus early in convalescence leave little doubt regarding the diagnosis. There was no history of his having visited the camp near Kunsan, 100 miles from his post, nor of his having left his installation during the previous 2 months. Although headache first appeared on August 30th, the clinical manifestations justifying a diagnosis of encephalitis did not appear until September 3rd. Since it was impossible to predict at the time that no further cases of the disease would appear, the local authorities decided to vaccinate all American personnel in Korea with two doses of 2 ml of Japanese B encephalitis chick embryo vaccine.
Absence of encephalitis among Koreans in vicinity of American cases and evidence of high incidence of past inapparent infection.
An attempt was made to determine whether or not encephalitis was occurring simultaneously among the several thousand Koreans living in the immediate vicinity of tlie camp near Kunsan. Capt. G. W.
Boom, M.C., the regimental surgeon, and Lt. Talmage. a Korean-speaking officer, visited all the native huts and villages surrounding the camp within a few days after the American cases of encephalitis were recognized, and although they came across many cases of malaria, they found no cases of encephalitis nor obtained any histories suggestive of the disease. Blood was taken from two Koreans: one, aged 60 years, who complained of headache, weakness, fever and dizziness for 10 days, and another, aged 20 years, who in addition to malaria had had severe headache, dizziness, nausea and vomiting, of at least 1-week duration. The serum from the first man fixed complement specifically with the Japanese B antigen in a dilution of 1 in 2 and yielded an intracerebral neutralization index of at least 1,000, while the serum of the second man fixed complement specifically with the Japanese B antigen in a dilution of 1 in 4 but there was not enough to carry out a neutralization test. Complement-fixation titers of this magnitude do not by themselves suggest recent infection. Complement-fixation tests with the sera of 5 other adult Koreans who worked at the camp or lived close to it, yielded negative results, but all 4 sera tested for neutralizing antibodies against the Japanese B virus had intracerebral neutralization indexes of at least 1,000. These results are the same as those which were obtained with the sera of adult natives on Okinawa who had no history of encephalitis (4) . Early in November, 1946, Capt. Ray B. Deuel, M.C., of the Tokyo laboratory, obtained blood from 22 Koreans, mostly young adults who were employed in the camp, and all of the samples were found to have high titers of neutralizing antibody for the Japanese B encephalitis virus. On September 10th, 1946, Lt.
SABIX. SCIILESIXGKK, GIXDER AXD JIATT'JIOTO G-lesman, M.C., and 7 Korean physicians from the Seoul University Medical School conducted another survey of the same native villages and huts surrounding the camp and again neither cases nor histories suggestive of encephalitis were found. The island of O-rang-do, about 3.5 miles northwest of the peninsula, with a native population of 800 was investigated by Major Harold V. Ellin gson, M.C., lit. Auringer, M.C., and Korean-speaking Lt. Talmage, and no cases or histories suggestive of encephalitis were discovered, although malaria was found. There were also no reports of encephalitis occurring during this period among Koreans elsewhere in the American zone of occupation. However evidence has since then been obtained that the incidence of inapparent infection with the virus of Japanese B encephalitis among the Korean population and their domestic animals is even greater than in Okayania, on the inland Sea of Japan, which is considered to be one of the most highly endemic areas. Capt. Ray E. Deuel, M.C.. of the Tokyo laboratory, with the aid of Major H. V. Ellingson, M.C., and other American officers in Korea, obtained several hundred specimens of blood from Koreans of different ages and from domestic animals residing in 4 different areas of Korea: (a) the vicinity of the camp in which the outbreak occurred among American soldiers, (b) Kunsan, (c) Seoul, and (rl) a rural area near Seoul. The neutralization tests, which were carried out by Capt. Deuel in association with Capt. Malcolm B. Bawell, M.C. and one of us (M. M.) and which will be published in detail at a later date, indicated that while the incidence of antibodies for the Japanese B virus Avas very much lower in the younger age groups in the city of Seoul than in the neighboring rural area or in the region of Kunsan where it was highest, the adult population, as well as the pig's, cows and horses in the areas surveyed, with very few exceptions had high titers of antibody; the chickens, however, were uniformly without antibody regardless of whether they were 1 or 2 summers old. The situation with regard to Japanese B encephalitis in Korea is thus similar to that found in North and Middle China (2, 5) where antibody studies suggested widespread dissemination of the virus, while only rare, sporadic cases of encephalitis are known to occur. It leads one to wonder again why the native population of Korea, with evidence of virus dissemination even more extensive than in Japan, has escaped epidemics of Japanese B encephalitis such as have occurred in Japan. DISCUSSION' The data reported in this communication are significant not only in that they establish the occurrence of Japanese B encephalitis in Southern Korea, but also because the cases of encephalitis appeared among Americans at a time when none could be found among the native population. The outbreak of Japanese B encephalitis among Americans on Okinawa in 1945 was associated with a simultaneous epidemic of the disease affecting-predominantly the native children. The evidence obtained from a recently completed serological survey of the Korean population and domestic animals suggests that infection with the virus of Japanese B encephalitis may be even more common in Korea than in the highly endemic regions of Japan, and yet for some unknown reason, there are no records of epidemics and the infection, with perhaps few exceptions, seems to be clinically inapparent. The factors which determine the incidence of apparent clinical infection among previously unexposed human beings are unknown, as are those which determine the total incidence of infection in any area and time when the virus is being transmitted to human beings. Thus, 3 cases of encephalitis occurred among 1,500 men in one isolated unit within a period of 1 week at the end of August, while only one other case appeared among the approximately 50,000 other Americans elsewhere in Korea. In view of the explosive character of outbreaks of this disease, it is doubtful whether the administration of Japanese B encephalitis vaccine to all American personnel and the more energetic antimosquito measures after the first cases were recognized, were responsible for the failure of additional cases to appear after September 1st. Studies which we carried out in endemic areas of Japan in 1946 (6) indicated that during nonepidemic years the virus of Japanese B encephalitis may undergo extensive dissemination among the domestic animals at a time when human beings are affected little, if at all, as indicated by the absence of neutralizing antibodies in children, 3 to 5 years of age. If we assume that the mosquitoes are responsible for the transmission of the virus to human beings, although perhaps not necessarily for its dissemination among all other lower animals, there are still certain conditions which must obtain before they can become effective vectors, and these conditions may have been present in one part of Korea and not in another. Thus, it is conceivable that during certain years Japanese B encephalitis may affect none, or only small numbers, of an unprotected, susceptible foreign force in an endemic area; however, there is no way of predicting the circumstances under which as many as 1 in 500 or more may be attacked, as occurred under the conditions obtaining for the isolated American unit stationed near Kunsan.
The experience of the outbreak in this isolated unit also emphasizes the inadequacy of environmental mosquito control measures which are limited to an area of 0.5 or 1 mile around a military installation. The prevailing winds in this instance brought numerous mosquitoes from the rice paddies and native villages beyond the zone of military control. Nor do mosquito bars, screens, and dwellings which are sprayed with DDT prove effective under these conditions, as long as the men can attend outdoor theatres at night without being required to apply insect repellents to the exposed parts of the body.
The value of the complement-fixation test as a suitable tool in the specific diagnosis of nonfatal cases was again established in this study, and it was furthermore shown that it can be used in the rapid identification of virus recovered by mouse inoculation from a fatal case. These results suggest that it may even be worth attempting to use the brain tissue from a fatal human case as the source of complement-fixing antigen, when it becomes important to identify rapidly the etiologieal agent in the face of a possible epidemic. Again the experience obtained in this group of cases indicates that a diagnostic increase in the titer of complement-fixing antibody may occur between the fourth and seventh days, and that in the face of a possible epidemic, serological tests may be carried out with two specimens of serum obtained at an interval of several days during the acute stage rather
